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1. Introduction       
The target of Nuclear Medicine is to provide information on the distribution of a chosen 
molecule in space and/or also in time, inside the human body. An image of the distribution, 
of a molecule of biochemical or physiological importance, within the body in a specific 
organ, provides information on the functioning of an organ that is valuable for medical 
diagnosis and for monitoring the response to the treatment of a disease. 
The techniques used in Nuclear Medicine involve labelling of a specific molecule with a 
radioactive atom; a quantity of which is administered to the patient. The labelled molecules 
follow their specific biochemical pathways inside the body. The atoms used are radioactive 
and undergo random decay, emitting gamma ray photons. Photons are detected outside the 
body by the detector -NaJ(Tl) crystal- of the gamma camera.  
Imaging by two-dimensional (2D) planar scintigrams has been routinely used since many 
years. The functional information obtained by Single Photon Emission Tomography 
(SPECT) is complementary to the planar images, obtained by projections of the organ under 
investigation. SPECT is an important tool for evaluating the functional status of the human 
body, emerging information by reconstructing data in slices of the total organ. 
Image quality and quantitative accuracy in SPECT can be degraded by some parameters as 
the effects of photon attenuation and finite spatial resolution of the tomographic gamma 
camera system. 
Volume data in nuclear medicine, by rendering and shading, give the 3 dimensional (3D) 
description of an organ and carry information of an organ’s surface in angles around it. 
They are obtained by a sequence of 2D slices reconstructed from projections acquired 
around a 3D volume organ. Volume visualization obtains volumetric signs useful in 
diagnosis, in a more familiar and realistic way. Filtering, thresholding and gradient are 
necessary tools in the production of diagnostic 3D images. 
The required input data for creation of 3D surface images is a dataset containing slice 
images which have been previously reconstructed from the SPECT acquisition data. These 
slices may be in one of several planes: transaxial, sagittal, coronal or oblique, and the 
orientation of the input data determine the orientation of the final 3D surface dataset. The 
3D reconstruction of external surface of kidneys, lungs, liver, thyroid and heart are 
described here, focused on the details and precision of the final surfaces through grading. 
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2. Volume data in nuclear medicine 
Organ volumes evaluation using planar imaging technique is a procedure often performed 
in nuclear medicine but faces difficulties due to structures containing radioactivity, which 
overlie or underlie the organ of interest. SPECT overcomes these difficulties since structures 
in the interior of the examined organ are separated in the reconstructed images (Rosenthal et 
al, 1995).  
The presentation of functional volumes and activity concentrations in SPECT requires that a 
linear and stationary relationship exists, between the apparent activity distribution in the 
reconstructed image and the true distribution in the organ. However, because of the limited 
spatial resolution of the gamma camera, and physical processes such as photon scattering 
and photon attenuation, this relationship is neither linear nor stationary (Gourion & Noll, 
2002).  
Absolute quantification of the 3D distribution of a radionuclide within a patient has been 
one of the greatest challenges of Nuclear Medicine. This is difficult due to the fact that 
nuclear medicine images are degraded by several factors (anatomic, physical, technical 
factors), which limit the quantitative ability of this modality (Tsui et al, 1994).  
SPECT is used in image analysis studies to extract information about areas and volumes or 
amounts of radioactivity in specific regions of interest. The information that derived from 
these studies is then applied to aid in clinical diagnoses or even to estimate radiation 
dosimetry or determination of volume or mass (De Sadeleer et al, 1996; Erdi et al, 1995; Pant 
et al, 2003;). Many methods for precise and accurate measurements of volume and the 
amount of radioactivity in a specific region of interest are used (Boudraa & Zaidi, 2006; 
Hansen, 2002a). 
The set of SPECT images (slices) is used for the 3D volumetric representation of internal 
organs of the human body. Image based volume rendering techniques have demonstrated 
the improvement of rendering quality when 3D organ presentation is based on digital 
images as SPECT slices and some shape and functional information (Sainz et al 2003).  3D 
volume representation may reach photorealistic quality taking into consideration the factors 
that degrade slices data and affect quantitative accuracy (Zaidi, 1996b). 
2.1 Data acquisition 
3D images, in nuclear medicine techniques, are created by acquisition data sets in angular 
planes. The data are acquired by SPECT gamma camera in an arc of 180 or 360 degrees – 
depending on the size and the position of the studying organ- and multiple slices that can be 
treated as volume data are produced from the angular projections. 
It is often considered that adequate compensation for the effects of physical factors, as non 
uniform attenuation or distance-dependent spatial resolution, requires data acquired over 
2π. However, in many cases the data measured over 2π contain redundant information. 
Sometimes, 2π acquisition affects the quality due to effect of partially compensating 
attenuation of the surrounding the organ tissues. Noo & Wagner, 2001 have shown that data 
acquired only over π can be used to correct for the effect of uniform attenuation in SPECT 
and Pan et al, 2002 showed that with both non-uniform attenuation and distance- dependent 
spatial resolution the scanning angle can be reduced from 2π to π.   
Thyroid gland is a front superficial organ and best data are collected by a 180 degrees arc 
acquisition, in a clockwise direction.  In the case of kidneys – a posterior organ- data are 
acquired in a counter clock direction, over π.    Similarly, because of heart position in the left 
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part of the chest, the data for reconstruction are acquired in a clockwise direction, from -450 
to 1350, that is, the data are acquired over π. 
Pan et al, 2001 are referred to mathematical rationales that explain that 2π measurements 
contain redundant information, as, in the absence of noise and other inconsistencies, the 
measurements of conjugate views are mathematically identical, i.e. 
 p (ξ, φ)= p(-ξ ,  φ+π )  (1) 
This is an example of the measurement of the 2D Radon transform p (ξ, φ) of a real function 
over 2π, where ξ is the detector bin index and φ is the angle acquiring data. 
In any cases of human organs, as lungs and liver, that their anatomic location includes front 
and posterior regions, the 2π geometry during data acquisition and reconstruction is 
necessary. 
2.2 Attenuation 
It is assumed that the count rate measured at a point on a planar image is equal to the sum 
of the count rates emerging from all the volume elements along the ray line. In reality a 
significant number of gamma rays will be scattered or absorbed before reaching the 
detector. This results in a reduction in the observed count rate at the detector: 
 N = N1. e -μd  (2) 
where N is the measured count rate when N1 is the count rate which would be measured if 
there were no attenuation, e is the base of the natural logarithms, d is the thickness of 
attenuating material through which the gamma rays must pass, and μ (attenuation 
coefficient) is a constant which depends on the energy of the gamma rays and the type of 
attenuating material. For 140 KeV gamma rays of Tc99m -the radioisotope more used in Nuclear 
Medicine-  the attenuation coefficient is μ=0.15/cm, for human tissue; because of scatter a 
value of 0.12/cm. is usually used to correct for attenuation( Rosenthal et al, 1995). 
A procedure is used for correcting of the errors in reconstruction introduced by attenuation. 
The attenuation correction procedure is a first order method. Because of the inaccuracy of 
the correction procedure it is necessary to use a value less than the theoretically correct 
value; 0.12/cm is usually best for technetium gamma rays in man (Zaidi, 1996; Zaidi & 
Hasegawa, 2003). 
If attenuation correction is used the system needs to know the extent of the attenuating 
material that is the edge of the patient. The patient outline can be calculated by the system. 
A threshold level is calculated, many times, as a percentage of the maximum pixel intensity 
for the whole planar dataset.  
2.3 Volume rendering 
Volume visualization in nuclear medicine is a method of extracting meaningful information 
from volumetric data using, manipulating and rendering a sequence of 2D slices. Volume 
data are 3D entities that may have information inside them or at there surface and edges at 
angular views that can be obtained by 3D surface rendering images in different angular 
views. During rendering time (Sainz et al 2008), given a new view point, the step is to 
determine which of the reference (acquired) views contribute to the new one and then if 
they overlap, combine them to produce the final volume (fig.1). 
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Fig. 1. Distribution of angular acquired data. Reference Views will contribute to the 
interpolated new view. (from Sainz et al 2008) 
3D images are reconstructed by surface rendering techniques. Organ surface volumes in 
nuclear medicine can be made from the scientific data by outlining (threshold use) 
structures in the serial slices and after stacking them, surface reconstruction is done.   The 
result of tomographic reconstructions is a set of contiguous or superposed slices in which 
the basic element is a voxel, since it represents volume, with the third dimension equal to 
one pixel. Voxels are reorganized and displayed in 3D way by labeling each voxel with 
information concerning the distance and the angle of its surface. Surface images are created 
and interpolated for any angle resulting in rotating surface images.  
By gathering sufficient volume data, analysis and quantification of 3D images give valuable 
information in medical diagnosis. Angular measurements on body structures are often 
crucial for analysis of the data for diagnosis. Shaded surface images provide unique views 
of the three dimensional radiopharmaceutical distributions within the human body (Shin et 
al, 2009). 
When viewed together with two-dimensional data, 3D surface images give excellent 
information about the location, orientation and extent of regions of isotope uptake. 3D 
datasets are very strong visual representations of tomographic data, and are mainly used 
qualitatively to help orientate the user with the tomographic slice data. This reinforces the 
three dimensional nature of nuclear data and strengthens the user's awareness of what the 
data represents and he can glean information on perfusion details for liver or cardiac studies 
and function information of thyroid, lungs or kidneys, from the 3D surface images. 
When 3D surface images are generated, data are processed from each slice in order. This set 
of slice images contains information in the form of count values in volume elements, voxels, 
which represents the distribution of the radiopharmaceutical within the volume being 
imaged. The 3D surface images which are produced provide views of a specific three 
dimensional surface of this volume. This surface is defined by a count threshold which is 
applied to each of the voxels; all voxels which have count values greater than the threshold 
define a specific volume. The surface images display the surfaces of this volume. There are 3 
possible ways in which 3D datasets can be generated: a) At a fixed count threshold, the view 
angle of the surface is varied to create the impression of a rotating surface, b) At a fixed 
viewing angle, the count threshold is varied to create a dataset which sequentially removes 
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layers of counts from the object rather like peeling the layers from the examined organ, c) 
Using a fixed view angle and threshold, the distance from which the surface is viewed is 
varied. This enables the user to take slices through the surface image. 
2.4 Thresholding  
Many methods have been developed for image edge detection and most of these techniques 
work well in images with uniform regions, but less well in regions with greater non 
uniformity. Medical images are usually characterized by faded features utilizing a narrow 
distribution of grey-levels. Nuclear medicine images often suffer from low contrast that is 
further degraded by the noise introduced in the process of imaging (Razifar et al 2005). It is 
important to use the local contrast information as well as the overall distribution of grey-
levels for obtaining meaningful regions. A large number of algorithms with many 
approaches have been investigated. These approaches include histogram based methods, 
edge and boundary detection based methods, region growing based methods, and linear 
feature based methods (Mortelmans et al, 1986; Russ 2006; Murli et al, 2008).   
The accurate reconstruction of organ volumes from SPECT images suffers from image 
segmentation. Image segmentation defines the borders of the organ and allows volume 
measurements by counting the voxels inside (Zingerman et al 2009). The threshold has to be 
adapted for each case as it is dependent on the size of the organ and the contrast of the 
reconstructed SPECT slices.  
Some threshold algorithms have been applied to minimize the difference between true and 
reconstructed volumes. Grey level histograms analysis has been proven a suitable technique 
for thresholding. Segmentation is performed with algorithms that separate object and 
background pixels by comparing their intensity (counts) with the mean intensity of the 
region. A region of interest is roughly defined by the operator to include the slices of the 
organ to be reconstructed. 
Thresholding is one of the simplest and popular techniques for image segmentation. It can 
be performed based on global information that is grey level histogram of the entire image or 
using local information of the image. In thresholding method, to obtain automatically the 
optimum threshold value, an initial estimate for threshold T is selected. The image is 
segmented using T.(Boudraa & Zaidi, 2006). In this way two regions of pixels will be 
separated: RI all pixels of the image with grey values > T and RB the pixels of the region 
considered as background with values<T. By the average grey level values MI and MB for 
the regions RI and RB a new threshold value is computed: 
 TN= (MI + MB)/2  (3) 
The main drawback of histogram-based region segmentation is that histogram provides no 
spatial information. Region thresholding approaches exploit the fact that pixels close to each 
other have similar grey values. The main assumption of this approach is that regions are 
nearly constant in image intensity and it is referred as a robust technique for volumetric 
quantification and localization of abnormal regions.   
However, combining intensity and gradient data can improve histogram (Csetverikov, 
2007). Better separation of objects and background pixels close to edges, give high gradients; 
pixels of object and background, though, have low gradients. Then, in order the result be 
improved, histogram high-gradient pixels are discarded. (fig.2.). 
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The gradient shading is used to add shading to the 3D reconstructed image Gradient 
shading enhances the display of surface detail.  
 
Fig. 2. Discarding high gradient pixels close to edges improves the reconstructed image. 
(from  Csetverikov, 2007) 
3. The reconstruction process 
The basic reconstruction is created by the planar images, collected by the gamma camera 
and contain the number of gamma rays detected at each angle position on the face of the 
collimator. The image which is to be generated is composed of the numbers of gamma rays 
emitted from each of the small pixels. The data from which this are to be calculated is the 
sums of the counts in various rows of the pixels drawn at the angles at which images were 
recorded at acquisition time. 
If, for example, 64 planar images in 64 x 64 matrices are acquired 3600 around the patient, 
each transaxial slice can be reconstructed from the information taken from a single row of 
elements (pixels) in each planar image. This information is used to calculate the values of 
4096 pixels in the transaxial slice. For each angle-each planar image- there are 64 measured 
values, each measured value being the sum of the numbers which should appear in the 
reconstructed slice. The reconstruction problem is to calculate a set of numbers for the 
transaxial matrix the sums of which, in every direction at which a measurement was made, 
are equal to the measured values at that angle. In the current example there are 4096 
equations (64 sums multiplied by 64 angles) containing a total of 4096 unknowns, the 
numbers in the pixels.  
3.1 Filtering   
A number of methods have been used to perform reconstructions of this type.  
The method of Filtered -Back-Projection (FBP) is composed of two stages; the first is filtering 
of the planar image data, and the second is to back-project the filtered data to form 
transaxial images. The back projection is based on the inverse transformation of the 
geometrical model of the SPECT data acquisition. The algorithm works well for infinite 
number of projections, but when a limited number of projections are produced the back 
projection method causes “star pattern” around the reconstructed object. The star-shaped 
pattern and the noise are reduced by filtering the projections with a FBP algorithm (fig.3).  
When the collected data are back projected, the rows with the largest numbers overlap at the 
position of the source, but not elsewhere. The result is that the back-projected numbers add 
up over the position of the source into very much larger numbers than those in other areas 
of the matrix. 
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Fig. 3. Back projections of a point source created by finite numbers of projection angles; in 
this case "star pattern" occurs. 
The difficulty with simple back-projection is that areas of the reconstructed slice which 
should be zero, as no radioactivity was there, are not zero. In addition there is always an 
increase in the numbers near the centre of the image. In order to overcome these problems, 
the original data are necessary to be modified by “filtering” before back-projecting.  
3.1.1 Ramp filter  
The modification procedure is done by filtering. This additional filtering can be performed 
by pre-filtering the planar data, by filtering the final reconstructed slices, or by combining a 
suitable filter with the back-projection filter. Because of these, it is convenient to perform the 
filtering on the Fourier transform of the data, rather than on the data itself. 
The filter which is used is a frequency filter. It causes some spatial frequencies to be enhanced 
and others to be reduced. Correction for the central build-up in back-projection requires that 
low spatial frequencies be attenuated and high spatial frequencies be amplified.  
The filter which exactly corrects for the back-projection defects is the Ramp filter (fig.4). This 
filter enhances high frequencies by multiplying all frequencies by a term proportional to the 
frequency. This "Ramp filter" compensates for the distortion introduced by back-projection 
but takes no account of the nature of the information being back-projected. The ramp filter 
may be applied in two ways; one takes account of several mathematical considerations, 
producing quantitative results and the other produces results with improved image contrast 
 
 
Fig. 4. High frequency information is greatly magnified by the Ramp filter. Hanning filter 
drops sharply to zero at a frequency (0.8 cycle/cm, in this figure) close to the limiting 
resolution of the gamma camera. 
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3.1.2 Filtering approaches  
Radioactive decay is a random process, so all gamma camera data is limited by counting 
statistics. The statistical variations which always exist between one pixel and the next tend 
to disguise the true count rate being measured. This statistical noise can vary rapidly from 
one pixel to another according to Poisson statistics, and so contains high spatial frequencies. 
The information contained in these high frequencies is not real information about the 
patient, but contains “noise”. This statistical noise is not wanted, but is always present in 
gamma camera images. Although it may be necessary to tolerate statistical noise in most 
images, there is no desire to increase the amount of noise. If tomographic data is filtered 
using the Ramp filter, all high frequency information is greatly magnified, and so therefore 
is the statistical noise (fig.4). For this reason the filters used in tomography are usually 
designed to drop sharply to zero at a frequency which corresponds to the limiting resolution 
of the gamma camera. Two general classes of such filters are provided, in addition to the 
ramp filter. The user may choose the limiting frequency at which the filter goes to zero as by 
Hanning filter (fig.4) or the relative height of the filter in the mid-frequencies when it starts 
to approach zero by Butterworth filter. Kao & Pan, 2000, have described other non-iterative 
methods that suppress image noise and artifacts in 3D SPECT.  
Iterative reconstruction methods are also used to obtain images with good signal-to-noise 
ratio in nuclear medicine image reconstruction. Maximum Likelihood Expectation 
Maximization (ML-EM) method reduces artifacts but requires more computation time. 
Another iterative filtering method the Ordered Subsets Expectation Maximization (OSEM) is 
used in 3D SPECT reconstruction and compared to FBP. OSEM and FBP presented similar 
accuracy in volume measurements of myocardial perfusion (Daou et al, 2003). However, it is 
possible to calculate the noise constructed by FBP while this not possible by iterative 
methods (Hansen, 2002b). ROC analysis of OSEM and FBP techniques in lung cancer, 
showed that there was no significant difference in the area under the ROC curve (Son et al, 
2001). 
4. Surface images process 
The imaged volume data which will be used for surface image generation is obtained from a 
set of transaxial, sagittal, coronal, or oblique slice images. Prior to the generation of the 
surface images, processing operations should be performed. 
To improve the resolution of acquired data the maximum possible matrix size both for data 
acquisition and processing is used. The visual quality of the surface images improves as the 
voxel size decreases. Therefore, a 128 x 128 resolution acquisition would be preferred and is 
used for acquiring data from organs as kidneys or thyroid gland. In practice, however, 
many times a 64 x 64 acquisition is used with excellent results; The use of the 64 x 64 matrix  
offer the advantage of reduced storage requirements and processing times.  Data from 
organs as myocardium or lungs are usually acquired in a 64x64 matrix size.  
Filters used in reconstruction are also very important for the maximum transfer of 
information in 3D images. The choice of the filter is dependent upon the noise characteristics 
of the data (Yan and Zeng 2008). Since the images depict a surface, an increased amount of 
smoothing may be desirable without loosing surface special features, as roughness or 
smoothness, which may be characteristics of an abnormality of the organ. The appearance of 
defects at parts of the organ that are not functioning is crucial too. Lungs emboli follow up 
by imaging, for the perfusion improving or renal pelvis imprint are signs for the diagnosis 
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and must be emerged in surface 3D images. A good general purpose filter for this 
application is the Hanning 0.8 prefilter, with a ramp backprojection filter. For high 
resolution data such as thyroid studies, a Butterworth filter which passes more of the 
middle frequencies can be used. 
Zoomed reconstruction technique is used to perform a 3D zoom in the transaxial space in 
cases of small organs as pediatric kidneys or thyroid gland. Any tomographic slice dataset 
may be magnified in 3 dimensions, following reconstruction. Three dimensional 
magnification is recommended as it reduces the voxel size, providing improved visual 
image quality. Since the output images have the same resolution in pixels as the input 
images, magnification is limited by the possibility of excluding volumes of interest. 
A magnification by a factor of 2 in all three directions is common in small organs. For 
example, for an initial set of 32 transaxial slices of 64x64 resolution data, as in the case of a 
myocardium SPECT acquisition in an 1800 arc, the portions of the transaxial images within a 
certain window are magnified by double. In addition, 31 new magnified transaxial slice 
images are created in between each of the magnified original images. The resulting dataset 
will contain 63 transaxial slice images of 64 x 64 data. 
It is possible to magnify the set of slices which is the result of a previous magnification, to 
obtain an over-all magnification factor of 4. In this study, myocardium perfusion transaxial 
slice data is normally magnified by a factor of 2 prior to 3D surface image generation. 
In cases where multiple structures exist in the imaged volume, it may be useful to remove 
data which does not belong to the structure of interest by selectively remove unwanted 
structure from the slice images by setting selected voxel values to zero. This operation has 
applications in lung studies, to separate the right and left lungs or in studies of the liver 
where the spleen may be useful to be zeroed out. It is, also, sometimes, useful to apply in 
kidneys 3D surface images creation, in cases that the function of the parenchyma of one 
kidney is very deteriorated and the maximum intensity of one kidney is lower than 50% of 
the other kidney. In this case, two regions of interest are defined for the two kidneys and are 
processed separately. Then each kidney is reconstructed, determining the threshold as 
percentage of the its maximum. 
4.1 Distance shading procedure 
3D Surface images are created from tomographic slice data in two steps in which the images 
are shaded. By distance shading operation, the distance shaded surface images are 
produced. The detection of the surfaces occurs and this accounts for most of the processing 
time. The surface which will be defined for display is the surface of a volume which is 
obtained using a calculated count threshold. This volume contains all voxels, which have 
count values which are above the count threshold value. The distance surface images are 
created to appear as if the volume is being viewed from specific viewing planes. In the 
creation of 3D surface images of all the studied organs, the data of transaxial slices were 
used; by this selection, the orientation of the organs in the body (head/up- feet/down) is 
kept. 
A transaxial slice image is displayed, after the application of a threshold intensity/count 
value so that all voxels which have count values which are greater than the count threshold 
are white and those below are black. The outer edge of the threshold slice is the desired 
surface boundary. A distance surface is generated from the entire set of slices.  
The 3D image which is displayed is the surface of a volume defined by count threshold. 
Thus, volume contains all voxels which have count values which are above the count 
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threshold value. For ease in application, the calculated, according to equation (3) threshold 
level is specified as a percentage of the maximum count level in the input slice dataset.  
It is helpful when determining the appropriate threshold value for a given dataset, to create 
multiple surface images, from one viewing plane, changing only the threshold value from 
one image to the next, iteratively. 
Typical threshold values are usually of the order of 40%-50% for heart, lungs and liver data. 
For kidneys and thyroid gland data may give a different value, ranging from 30% to 50%. 
4.2 Viewing plane 
The distance shaded surface images are created to appear as if the volume is being viewed 
from specific viewing positions. Each position is more specifically defined as an image 
which lies in a predefined viewing plane. These viewing planes may be positioned 
anywhere around the imaged volume, if the vertical axis of the viewing plane is parallel to 
the axis which is normal to the slice data. As the slice images are of the transaxial type, the 
viewing planes are positioned to view the data from the same locations as in the original 
projection/planar views, at any angular position about the axis (Garcia et al, 2001). 
The angular position of the 3D surface images depends on the angle steps (usually 16) 
selected to reconstruct and view the 3D surface images, as an angle measured clockwise 
from a line which rises vertically from the centre of the image. Thus, if the input slices are of 
the transaxial type, 0 degrees corresponds to an anterior view, 90 degrees produces a left 
lateral view, 180 degrees produces a posterior view, and 270 degrees produces a right lateral 
view. A start distance value equal to zero places the viewing plane outside the entire organ 
volume for viewing the surface of the organ. 
4.3 Gradient shading 
Following, gradient shading is used to add shading to the image produced in distance 
shading procedure. The amount of gradient shading on a set of surface images is varied, 
without having to re-compute 3D distance shading images, each time. Gradient shading is 
expressed in percentage and is depending on the surface functionality which in this way 
expresses.  
Gradient shading is used to enhance the display of surface detail. Garcia-Panyela & Susin, 
2002 used surface reconstruction in their dynamic model to provide volume and give 
functionality keys about the organ. With this type of shading, the surface image brightness 
is a function of the local slope of the surface. This calculation is carried out on the distance 
surface images.  
The value for the gradient surface image pixel is at a maximum when the local surface 
element is facing front. As the surface slopes away towards another angle, the gradient 
image pixel value decreases. In the limit, when the local surface element appears as an edge 
the gradient image pixel value is zero. 
The final 3D surface images produced include the effects of both distance and gradient 
shading. We have computed 3D gradient shaded images from 3D distance shaded images for 
all human organs that we are referred in this work. We select the amount of gradient shading 
which will be added to a distance surface image by a gradient shading factor 10 to 20 
depending on the physiology of the organ; that is abnormality of its parenchyma or its 
perfusion deterioration. The amount of shading to add depends on the black and white or 
color maps employed. A grey scale map or a color map is used as this is the way that 3D 
surface images produce best detailed display useful in medical diagnosis.  
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5. Clinical applications 
The imaging system is a GE starcam AT 4000 equipped with a low energy high resolution 
collimator (LEHR) for acquisition of scintigraphic studies of all the organs. System 
collimator, used in all our studies, was this LEHR in order to achieve the most detailed data. 
 The tomography hardware/software gamma camera facility uses the tomography ring 
stand, to rotate the camera around the patient during acquisition. A very fast, array 
processor is used to reconstruct the tomographic images. Furthermore, the whole 
acquisition- processing system is interfaced with a GE Xeleris 2 for fast computing and 
displaying planar, SPECT and 3D volume images. Elementary voxel size is determined 
separately. To establish this measurement, an image of  two 1mm parallel line sources, 
10mm apart, was created and the number of pixels between the center of the two line 
sources was measured. Rotating the line sources 90 degrees would provide the pixel width 
in the opposite direction. Pixel size was controlled weekly and in a 64x 64 matrix  is 
approximately 6.4 mm (+-0.2). 
The SPECT and 3D reconstructed images of clinical applications of the Heart, Lungs, Liver, 
Kidneys and Thyroid gland have been exploited and displayed. The application of this 
technique includes the study of parenchymatous organ (Liver, Kidneys, Thyroid gland) for 
possible abnormalities or for the potential assessment of organ perfusion (Heart, Lungs) in a 
three dimensional display. Volume images are rotated on any spatial plane and provide rich 
detailing of the organ surface and functional completeness. Angular appearance of body 
structures is often crucial for determining the medical diagnosis. 
5.1 Renal studies- 3D surface images 
Tc-99m DiMercaptoSuccinic Acid (Tc-99mDMSA) renal scan is the method of choice for the 
detection and follow-up of any possible cortical damage to the kidneys. The test is widely 
performed in children in order to check for any possible signs of acute pyelonephritis, scars 
as well as for any suspected dysplasia of the kidneys (Temiz et al 2006). Kidneys’ are located 
in the posterior abdomen in a very small depth depending of the size, weight and age of the 
patient. 
The usual procedure involves intravenous injection of Tc99m-DMSA and acquisition at 4 to 
6 hours post-injection, of four planar images: Posterior (POST), Anterior (ANT), Right 
Posterior Oblique (RPO) and Left Posterior Oblique (LPO).  The planar imaging (renal 
scanning) of the patients is followed by a SPECT study (Groshar et al, 1997; Yang et al, 2001). 
Tomographic imaging was carried out by data acquired in 15 sec at each of 32 positions over 
180 degrees around the posterior view of the patient. The 32 angular projection views – the 
original data as recorded by the gamma camera- are reconstructed to get SPECT slices –
transaxial, coronal and sagittal-. An acquisition magnification equal to 2 was used for planar 
as well as angular projections for the SPECT study. Acquisition matrix size 128x128 was 
used in all cases and a post reconstruction magnification equal to 2 was used in paediatric 
cases. In this way, 3D surface images of paediatric kidneys’ were created by a final 4fold 
magnification to obtain the best spatial detail. FBP, Hanning with crucial frequency 0.8 and 
ramp filter were used in renal reconstructions. Sheehy et al, 2009, compare two filtering 
methods (OSEM and FBP) of reconstructing renal SPECT studies and noted that both 
techniques yielded identical findings for 94 of the 98 kidneys evaluated.  
Lyra et al 2001, use the planar and tomographic reconstructed images for the calculation of 
three indices that are the ratios of counts of upper to lower, upper to middle and lower to 
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middle part by a tomographic reconstruction technique "by parts" and they offer a 
quantitative comparison of the planar and tomographic images. 
3D surface images have not been evaluated up to now in an angular display of surface images 
either as normal or pathological 3D images, where scars, renal size and renal pelvis imprint 
can be identified. Following figures (fig. 5.1.1, 5.1.2, 5.1.3, 5.1.4) are examples of normal and 
abnormal situations of the kidneys in which different qualitative signs are emerged.  
 
 
Fig. 5.1.1. 3D surface images of the normal kidneys of a child 1 year old, reconstructed for 9 
angles around the body. Notice a tiny impress of right renal pelvis-Physiological sign-.  
 
Fig. 5.1.2. 3D surface images at angular positions of a 6 months old renal study, in grey 
scale. Physiological impress of both renal pelvis. Reduced functioning parenchyma of the 
lower pole of right kidney  
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Fig. 5.1.3. 3D surface reconstructed angular images of kidneys; Deficiency of 18% of the 
upper pole of left kidney (scar) and central pyelocalyceal system –pyelonephritis-. 
 
Fig. 5.1.4. 3D surface images at 4 angles; Compensatory hypertrophy of left kidney with 
important deficiency of the parenchyma close to pyelocalyceal system; Atrophic right 
kidney, with 22% of total functioning renal parenchyma. 
3D display clearly offers additional valuable information. The procedure does not require 
any extra quantity of radiopharmaceutical to be injected to the patient, therefore the 
radiation burden is the same. The extra time required is in the order of 15 minutes, therefore 
not presenting any inconvenience for the patient. 
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5.2 Myocardium perfusion-3D surface images 
Heart scintigraphy provides information with respect to the detection of myocardial 
perfusion defects, the assessment of the pattern of defect reversibility and the overall 
detection of Coronary Artery Disease (CAD). There is a relationship between the location 
and the degree of the stenosis in coronary arteries and the observed perfusion on the 
myocardial scintigraphy, using data of 3D surface images of myocardium. This allows us to 
predict  the impact evolution of these stenoses to justify a coronarography or to avoid it.  
The visual interpretation of Tc99m tetrofosmin SPECT myocardial perfusion images can be 
challenging, due to the quantity of scan information generated by the large number of 
normal variants, attenuation artefacts and gender differences.( García-Panyella & Susín 
2002) Defects of the cardiac structure can be emerged from the 3D surface images of 
myocardium. Investigations on phantom studies (Matsunari et al, 2001) have been done and 
new method for segmentation of left ventricle (LV) for estimation of defects’ size (Soneson et 
al, 2009) has been validated. 
Our Cardiac patients had completed stress (Tc99m tetrofosmin at stress peak) and rest 
SPECT test by a GE Starcam 4000 tomographic gamma camera, use of 1800 arc rotation, step 
and shoot, 20 sec per projection and 64x64 matrix size and magnification 2, for data 
acquisition. The data of the 2 sets (stress-rest) of slices were used to produce 3D surface 
images of myocardium for 16 angles around the body of the patient. We exploited the 
myocardial 3D scintigraphic data of the left ventricle, at stress and at rest, in order to 
recognize the cardiac volume and estimate perfusion defects as a percentage of LV 
myocardium mass. Co identification of myocardial perfusion images data was performed to 
eliminate normal morphological variances such as variances in orientation, size and shape, 
so that the remaining differences represent important functional differences. Dixon et al, 
2004 suggest that when attenuation correction and detector resolution compensation are 
applied during reconstruction, patient variables do not influence the quantitative accuracy.  
A significant improvement in results was found with zoomed acquisitions. 
3D data reconstructed by FBP, obtained at stress and at rest scintigraphic studies, used to 
evaluate the left ventricle deformation in both stress - rest 3D surface image series. If a 
significant difference is obtained in rest and stress 3D data perfusion, the location and the 
impact of the pathology of left ventricle myocardium are recognized. The myocardial 
defects have been calculated as percentage of the myocardium at rest after the estimation of 
the total myocardium.  
The following 5 next figures (fig 5.2.1, 5.2.2, 5.2.3, 5.2.4, 5.2.5) are referred to cases that 
myocardium diagnosis is rely on 3D surface shaded images; 3D data obtained at stress and 
at rest of the LV myocardium, respectively, are analysed and the deformation of both 
images is evaluated ,  qualitatively and quantitatively. 
It is expected that further significant improvement in image quality will be attained, which, 
in turn, will increase the confidence of image interpretation. The development of algorithms 
for analysis of myocardial 3D images may allow better evaluation of small and non-trans 
mural myocardial defects. For the diagnosis and treatment of heart diseases the accurate 
visualisation of the spatial heart shape, 3D volume of the LV and the heart wall perfusion 
play a crucial role. Surface shading is a valuable tool for determining the presence, extent 
and location of CAD. 
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Fig. 5.2.1. 3D shaded surface display of a patient stress perfusion angular images. The study 
by Tc99m tetrofosmin shows normal myocardium perfusion. (a) for apex and (b) for base of 
myocardium. Transaxial slices were reconstructed and the created volume images show the 
apex at the left side. Through base we recognize the cavity of LV. No stress defect was 
observed and calculated as 0% of the total myocardium.  
 
Fig. 5.2.2. Small defect at posterior- basal wall at stress (3% of the myocardium). Partial 
improvement at rest (2% rest defect); Threshold value 50% of maximum.  
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Fig. 5.2.3. 3D volume myocardium, at Rest. Permanent ischemic findings at inferior basal 
wall; Rest defect 8% of the total myocardium.  Threshold: 50%. 
 
 
Fig. 5.2.4. 3D surface images of a male myocardium study at Rest. Permanent defect at 
inferior, inferior-posterior and lateral of LV. Rest defect: 28% of total myocardium volume.  
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Fig. 5.2.5. Stress [a] and Rest [b] 3D surface angular images of female myocardium. Low 
extent permanent scar at apex wall and 4% defect at posterior – basic wall during stress. O% 
defect at rest. 
5.3 Liver 3D surface images 
Patients on the suspicion of hepatocellular disease may complete a liver scan. They are 
injected intravenously with Tc-99m Phytate and images are acquired 10 minutes post 
injection. The acquisition involved four planar images and a tomographic study of 64 planar 
views over a 3600 arc.  Each SPECT angle view is preset to end in 20 sec. 
 
 
Fig. 5.3.1. 3D surface shading  angular series images of liver and spleen of a 12 years old 
boy. Normal volume and smooth surface of both organs. 
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The tomographic reconstruction is performed with the FBP, Hanning 0.8 and no 
magnification.  An image threshold calculated according to equation 3 for each specific patient 
and a gradient-shading factor of 20% is applied on the 3D reconstructed angular images. 
3D surface images of the liver could be presented together with the planar anterior image and 
series of coronal views to increase the diagnostic effectiveness of the method, as information of 
the surface texture and volume size of this large organ together with Spleen position and size 
express its patho-physiology. Shin et al, 2009 present surface models of detailed structures 
inside and outside the liver to promote medical simulation system of the abdomen. 
 
 
Fig. 5.3.2. 3D volume shading images of another normal variant of liver. Notice the impress 
of the gallbladder location in the middle of the liver, between right and left lobes (2-4 
angular images). 
 
Fig. 5.3.3. 3D shading volume images of liver and spleen. Smooth surfaces of the organs. A 
part of the spleen is only presented (abnormal shape, image 1 and 4) due to rupture of the 
spleen at a recent car accident.  
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Fig. 5.3.4. The signs of the hepatocellular disease (non-homogeneous distribution in liver) 
are evident in the 3D volume images. Non smoothed surface of the liver (cirrhotic signs) and 
increased volume size of the spleen. 
5.4 Lung perfusion 3D surface images 
SPECT of perfusion lung study not only increases the diagnostic accuracy of the method but 
also permits the application of advanced image-processing techniques (Reinartz et al, 2006; 
Roach et al, 2008). In the evaluation of the lung status during pulmonary embolism and 
patient’s follow up, accurate volume estimation is important. Lungs’ 3D volume display, by 
 
 
Fig. 5.4.1. Sequential 3D angular images of lungs’ volume in a perfusion study. There is a 
large triangular defect in anterior basal and medial lobes of the right lung (RL) due to 
decreased blood perfusion caused by emboli (images 10, 11). Notice the cavity at left lung 
that accommodate heart (image 12). 
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reconstruction of SPECT images, can demonstrate the perfusion non-uniformity of the 
lungs’ parenchyma. 
Patterns of 3D perfusion scans with Tc-99m microspheres can provide an estimation of the 
extent of pulmonary embolism. Measurement of regional distribution of blood flow can help 
predict the consequences of lung resection or lung reduction surgery and cystic fibrosis, or 
radiation therapy. Four functional categories of lung pathology can be distinguished: the 
vascular occlusive state and the consolidative, obstructive, and restrictive states, resulting in 
scintigraphically detectable distortions of perfusion. Segmental or sub segmental hypo 
perfusion can be caused by obstruction of pulmonary vessels due to intra-or extra vascular 
pathology, including perfusion emboli.  
 
 
Fig. 5.4.2. 3D tomography  emerges an  anterior basal defect [ 11%], of total volume, at right lung 
 
Fig. 5.4.3. Small triangular perfusion defect (5%) at the superior lobe of left lung; Similarly, 
two small perfusion defects at superior and lateral –basal lobes of right lung ( 3% each). 
Multiple acute lungs embolisms 
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A SPECT lung study can be used to estimate the lung perfusion improvement in details. 
Data reconstructed in transverse, coronal, sagittal slices as well as 3D surface images and 
series of follow up SPECT studies, after the pulmonary embolism event, must be used (Lyra 
et al, 2008b). 
From lung perfusion SPECT data, volume of each reconstructed transverse slice can be 
estimated by counting the voxels inside each slice. The grey histogram edge detection 
program mark the lung lobe’s edge and subtract background. Non-uniform attenuation 
compensation is performed by quantitative FBP. 
 
 
Fig. 5.4.4. Follow up 3D studies after the pulmonary embolism event, in order to estimate 
the lung perfusion improvement, quantitatively. 
[a] Four hours post the event; Great right lobe (RL) embolism; Right  Lobe volume: 23% of  
total Volume (both lungs)  
[b] Eleven days post therapy; Right Lobe (RL) volume recovery : 49,6% of total Volume 
5.5 Thyroid studies- 3D surface images 
Single photon emission tomography of the thyroid gland enables improved accuracy over 
planar imaging in the determination of the volume, regarding the thyroid configuration 
variants and the difficulty of definition of the organ’s borders over the surrounding 
background. 
The accuracy of the volume estimations depends on the correct delineation of the borders of 
the thyroid tissue. The thersholding procedure adopted is the grey histogram thresholding 
and is specific for each case, in a range that start even from 20% of its maximum. Difficulties 
arise due to various factors including fluctuations in the background and the gland’s shape 
and function as well as  an unavoidable smoothing of the thyroid boundary during 
reconstruction (Zaidi, 1996a).  
Tomographic images at various levels are obtained with each slice 1 pixel thick. That is, the 
size of the elementary voxel is one pixel in the x and y axis and 1 pixel, too, in the z 
direction. After correction for the contribution of background, the pixel values in a 2D 
transverse  or coronal slice represent the radioisotope consentration within that slice. 
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Fig. 5.5.1. A series of  16 coronal slices covering the thyroid gland thickness and showing the 
area  of each slice. 
Influence of attenuation compensation for a superficial small organ as the thyroid gland, 
seems not significant for volume measurements. The geometry - organ size, shape and 
location - varies between individuals.  Volume surface displays of thyroid gland at angles 
show the real configuration of the gland’s lobes.  
 
 
Fig. 5.5.2. 3D thyroid gland images at 16 various angles. Increased the right lobe size and 
high intensity at its upper pole showing a “hot” node.  
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Fig. 5.5.3. Increased left lobe; butterfly shape with very thin isthus, impossible to be seen in 
planar scan.  
A threshold to every single case is adapted as its value is dependent upon size of the imaged 
organ and the contrast. The thyroid lobes are enclosed with the help of regions of interest 
(ROI) tools for a first contouring its borders. Size of the organ, however, influences the 
correct threshold which correspond to a level slightly greater than the maximum fluctuation 
in the image background. After subtracting this level from the image, the boundary of the 
thyroid is delineated by the volume elements (voxels) that contain non zero counts; that is 
the border pixels contain counts equal to the threshold.  
Gradient shading was used to surface images, by a gradient factor up to 5% low. 
Determination of thyroid volume leads to the calculation of the thyroid mass and the accurate 
activity to be administered for patient specific therapeutic purposes (Pant et al, 2003). 
 
 
Fig. 5.5.4. Smoothed surface volume displays. Increased size of right lobe. The two lobes 
come close by a very thick isthus.  
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Fig. 5.5.5. The large toxic adenoma is appeared back to the right lobe. The two lobes could 
not be formed at all in the planar scan but are emerged in this 3D – low threshold- image. 
6. Conclusion 
By gathering sufficient volume data, analysis of 3D images gives valuable information to 
give the volume, shape and texture abnormalities of an organ (nodules in Thyroid, 
homogeneity of the liver surface) or defect regions’ (emboli in Lungs, low perfusion in 
myocardium). Shading according to the gradient of the surface, results in 3D texture surface 
display, useful in pathologies (e.g. cirrhotic Liver). 
Data sets from the above mentioned organs could also be analyzed by image processing 
software to take new valuable parameters. These images can be transferred in an 
uncompressed bitmap format and processed by Interactive Data Language (IDL) tools .The 
volume visualization of nuclear medicine data takes advantage of 3D texture analysis. So, in 
these 3D reconstructions, volumetric estimations and geometrical data measurements can be 
extracted; and undoubtedly they are useful in the diagnosis of organ morphological and 
functional abnormalities. 
It is showed that 3D surface shaded images in angles, around the organ, are sensitive with 
the possibility to extract quantitative information for all organs that are studied. 3D imaging 
offers direct visualization and measurements of complex structures of the internal organs of 
the human body, which cannot be satisfactorily evaluated using 2D imaging. 
As reconstruction methods improve in accuracy and in ability to manipulate large matrices, 
new threshold techniques and corrections will be used, so that perfect absolute quantitative 
accuracy will be brought closer. 
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There are six sections in this book. The first section presents basic image processing techniques, such as
image acquisition, storage, retrieval, transformation, filtering, and parallel computing. Then, some applications,
such as road sign recognition, air quality monitoring, remote sensed image analysis, and diagnosis of industrial
parts are considered. Subsequently, the application of image processing for the special eye examination and a
newly three-dimensional digital camera are introduced. On the other hand, the section of medical imaging will
show the applications of nuclear imaging, ultrasound imaging, and biology. The section of neural fuzzy
presents the topics of image recognition, self-learning, image restoration, as well as evolutionary. The final
section will show how to implement the hardware design based on the SoC or FPGA to accelerate image
processing.
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